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Abstract:  The  objective  of  this  paper  is  to  present  methods  that  can  be  used  to  estimate  the 
quantity  and  gradation  of  sediment  produced  from  a  watershed.  These  values  are  necessary  for 
mobile  boundary  hydraulic  modeling  and  other  sedimentation  studies.  These  quantities  are 
needed  for  designing  flood  control  channels,  estimating  sediment  deposition  in  reservoirs  or 
navigation  channels,  and  evaluating  the  sedimentation  impacts  of  proposed  projects  or  land  use 
modifications.  Considerable  information  is  available  for  the  estimation  of  sediment  yield  from  a 
watershed.  These  methods  use  both  empirical  techniques  and  land  surface  erosion  theory.  The 
same  is  true  for  quantifying  sediment  transport  and  sorting  processes  in  rivers.  This  paper 
focuses  on  procedures  for  using  land  surface  erosion  computations  to  develop  the  inflowing 
sediment  load  for  a  river  sedimentation  model,  specifically,  HEC-6. 

Included  herein  are  the  results  of  an  assessment  of  numerical  models  for  the  prediction  of  land 
surface  erosion  (HEC,  1995).  It  was  concluded  from  this  assessment  that  these  models  have 
not  yet  evolved  from  the  experimental/developmental  phase  to  routine  engineering  use. 
Therefore,  this  paper  presents  a  suggested  strategy  for  the  use  of  several  traditional  methods  of 
computation  of  land  surface  erosion  to  prepare  inflowing  sediment  loads  for  the  operation  of 
HEC-6. 


INTRODUCTION 

Considerable  information  is  available  on  estimating  the  sediment  yield  from  a  watershed  using 
both  empirical  methods  and  land  surface  erosion  theory  (Haan  et  al.,  1994;  Barfield  et  al.,  1981; 
Kirby  and  Morgan,  1980;  and  Tatum,  1963).  The  same  is  true  for  quantifying  sediment  transport 
and  sorting  processes  in  rivers. 

Sediment  production  and  transport  in  a  watershed  are  influenced  by  a  complex  set  of 
geomorphic  processes  that  vary  in  time  and  space.  Important  erosion  processes  include  soil 
detachment  through  raindrop  impact  and  overland  flow,  rill  erosion  and  transport,  gully  erosion, 
channel  degradation  and  bank  erosion,  various  types  of  surficial  gravity  erosion,  and  wind 
erosion.  Other  processes  that  can  contribute  to  the  total  watershed  sediment  production  may 
include  channel  bank  and  hillslope  failures,  landsliding,  forest  fires,  and  debris  flows.  Land  use 
practices  such  as  logging  and  clearing,  grazing,  road  construction,  agriculture,  and  urbanization 
activities  also  affect  sediment  production  and  delivery  from  a  watershed.  Sediment  production 
may  vary  significantly  with  long-term  cycles  in  drainage  system  development  and  rejuvenation, 
and  zones  of  sediment  production  and/or  deposition  may  shift  in  location  with  time  (e.g. 
headward  movement  of  nick  points  and/or  channel  migration  and  avulsions). 


'  Paper  presented  at  the  Sixth  Federal  Interagency  Sedimentation  Conference,  March  10-14, 
1996,  Las  Vegas,  Nevada. 
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Spatial  and  temporal  variations  in  physical  and  biological  features  of  the  watershed  make 
estimation  of  sediment  yield  an  extremely  difficult  and  imprecise  task.  Important  variables 
include  soils  and  geology,  relief,  climate,  vegetation,  soil  moisture,  precipitation,  drainage 
density,  channel  morphology,  and  human  influences.  Dominant  processes  within  a  watershed 
may  be  entirely  different  between  physiographic  or  ecological  provinces,  and  may  change  with 
time.  The  problem  becomes  even  more  complex  when  grain  size  distributions  and  sediment 
yield  for  particular  events  must  be  estimated  for  input  to  sedimentation  models  such  as  HEC-6 
(HEC,  1993)  and  WES-SAM  (WES,  1992).  At  the  present  time,  there  is  no  widely  accepted 
procedure  for  computing  basin  sediment  yield  and  grain  size  distribution  directly  from  watershed 
characteristics  without  measured  information. 


REVIEW  OF  WATERSHED  EROSION  MODELS 

The  Universal  Soil  Loss  Equation  (USLE)  (Wischmeier  and  Smith,  1978)  is  a  simple 
mathematical  expression  which  is  the  most  widely  used  method  for  estimating  total  annual 
sediment  discharge  from  land  surfaces  resulting  from  sheet  and  rill  erosion.  The  Modified 
Universal  Soil  Loss  Equation  (MUSLE)  (Williams  1975)  is  an  altered  form  of  the  USLE  for 
applications  to  single  storm  events.  The  USLE  is  an  empirically  based  lumped  parameter  model 
which  does  not  define  separate  hydrological  processes  such  as  rainfall,  infiltration,  and  runoff,  or 
fundamental  erosional  processes  such  as  detachment  by  raindrop  impact,  detachment  by  flow, 
and  sediment  transport  and  depositional  processes.  The  USLE  also  neglects  channel  and  gully 
erosion. 

Research  in  the  field  of  land  surface  erosion  has  progressed  to  focus  on  the  physical 
processes  which  influence  sediment  detachment  and  transport.  Yalin  (1 963)  formed  a  widely 
used  equation  which  represents  the  transport  capacity  in  an  erosive  model  through  combining  rill 
and  interrill  flow.  Continuing  research  on  interrill  erosive  processes  such  as  raindrop  impact  and 
sediment  delivery  by  Palmer  (1965),  Young  and  Wiersma  (1973),  Mutchler  and  Young  (1975), 
and  Walker  et  al.  (1977)  among  others,  indicated  that  conditions  of  interrill  transport  differ  from 
fluvial  transport  in  two  areas:  soil  surfaces  in  interrill  areas  are  generally  more  cohesive  and 
finer  grained  than  alluvial  bed  material,  and  transporting  forces  are  supplied  both  by  flow  and 
raindrop  impact  in  the  interrill  areas. 

The  rapid  advancements  in  computer  technology  over  the  past  20  years  has  allowed  for 
the  widespread  application  of  state-of-the-art  erosion  prediction  technology.  There  are  many 
hydrologic  models  available  today  that  have  the  capability  of  simulating  sediment  discharge, 
transport,  and  deposition  in  a  watershed.  Combined  sheet  and  rill  erosion  can  be  predicted 
through  the  use  of  empirically-based  models  or  physically-based  models.  An  indicator  of 
physically-based  models  is  the  subdivision  of  the  surface  into  rill  and  interrill  areas  of  separate 
erosion  processes. 

Continuing  research  on  the  physics  of  rill  and  interrill  sediment  discharge  has  greatly 
augmented  the  understanding  of  watershed  erosive  processes.  However,  the  application  of 
physically-based  models  to  large  watersheds,  for  which  sufficient  sediment  yield  and  runoff  data 
are  often  unavailable,  is  not  a  common  practice.  Furthermore,  the  physically-based  models 
contain  equations  with  constants  and  exponents  that  must  be  determined  for  each  watershed, 
and  the  subdivision  of  a  large  watershed  into  rill  and  interrill  areas  would  require  an  enormous 
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amount  of  time  and  effort.  In  contrast,  empirical  models  require  information  on  topography, 
soils,  precipitation,  and  land  use  that  can  be  estimated  from  maps  and  simple  field  surveys.  In 
modeling  decisions,  care  must  be  taken  that  the  level  of  detail  of  the  erosion  processes 
represented  by  the  numerical  model  and  field  data  is  commensurate  with  the  objectives  of  the 
application.  A  summary  of  the  models  reviewed  (HEC,  1995)  is  provided  in  Table  1  below. 


Table  1 

Comparison  of  Land  Surface  Erosion  Models 


Model  Characteristic  /  Model 
Name 

SP 

AGNPS 

RUNOFF 

WEPP 

KINEROS 

KYERMO 

Proprietary 

No 

No 

No 

No 

No 

No 

User's  Manual  available 

Yes 

Yes 

Yes 

Yes 

Yes 

Computer  needs 

PC 

PC 

PC 

PC 

PC 

PC 

Current  version  number 

1 

1 

3.65 

3.0 

91.5 

_ 

Most  recent  update 

3/89 

6/92 

6/92 

9/91 

5/89 

7/87 

Single  event  yield  analysis 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Average  annual  yield  analysis 

No 

No 

No 

Yes 

No 

No 

Division  of  watershed  into 
subbasins 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Raindrop  impact  detachment 

No 

No 

Yes 

Yes 

Yes 

Yes 

Rill  and  interrill  erosion 
processes  considered 
separately 

No 

No 

No 

Yes 

Yes 

Yes 

Rill  formation  processes 
modeled 

No 

No 

No 

No 

Yes 

Yes 

Channel  transport/deposition 

No 

Yes 

Yes 

No 

No 

No 
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ESTIMATING  SEDIMENT  SOURCES 


Table  2  lists  sediment  yield  estimation  techniques  that  may  be  considered  for  particular  applications. 

The  table  includes  several  empirical  computation  methods,  two  comparative  methods  (aerial 
photography  and  topographic  surveys),  and  three  regional  relationship  methods  (Dendy  and  Bolton, 
1976,  Strand  and  Pemberton,  1982,  and  Natural  Resource  Conservation  Service  (formerly  the  Soil 
Conservation  Service)  (NRCS).  Yield  Rate  Maps  and  local  or  regional  soil  loss/yield  rate  estimates  from 
soil  and  water  conservation  agencies).  The  gray  areas  in  Table  2  indicate  the  physical  types  of  erosion 
addressed  by  the  individual  methods.  The  blocks  marked  with  an  asterisk  indicate  the  types  of  events 
to  which  the  methods  can  be  applied. 


Table  2 

Sediment  Source  Estimation  Techniques 


Method 

Sheet  Gully 

and  Rill  Erosion 
Erosion 

Channel 
Bed  and 
Bank 
Erosion 

Mass 

Movement 

Average 

Annual 

Yield 

Single 

Event 

Yield 

USLE 

★ 

MUSLE 

* 

RUBLE 

* 

PSIAC 

* 

Aerial 

Photography 

r ” -  ”".-.7:; 

l’:  . lA 

* 

* 

Topographic 

Surveys 

* 

★ 

Thompson  or 
SCS  TR32 

* 

Dendy  and 
Bolton 

?  '  ' 

* 

Strand  and 
Pemberton, 
USSR 

’  .i  ^ 

* 

tk''  "  4 i 

!  '  JV  ,"1 '  -.s  .s  ■■  ■‘jj 

1  ;f  V' V'' ;  - 

* 

GENERAL  PROCEDURE  FOR  ESTIMATING  SEDIMENT  YIELD 

Potential  methods  for  estimating  sediment  yield  in  ungaged  catchments  include:  (1)  application  of 
regression  equations  based  on  detailed  basin  characteristics  like  rainfall  intensities,  soil  properties, 
ground  cover,  etc.,  (2)  use  of  regional  relationships  based  on  global  basin  characteristics  like  drainage 
area,  altitude  and  slope-aspect  ratio;  (3)  transposition  of  data  from  similar  basins  where  reliable  data  are 
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available;  (4)  integration  of  annual  or  single  event  yields  from  stream  sediment  rating  curves  and  flow- 
duration  curves  or  hydrographs;  and  (5)  application  of  empirical  methods.  Any  estimate  should  account 
for:  (1)  sheet,  rill  and  interrill  erosion  from  upland  land  surfaces;  (2)  gully  erosion,  stream  bed  and  bank 
erosion;  and  (3)  mass  wasting  processes  in  the  basin.  In  practice,  it  may  be  necessary  to  apply  more 
than  one  estimation  procedure  to  account  for  all  three.  The  following  general  steps  are  necessary  to 
estimate  basin  sediment  yield.  Several  of  these  steps  may  require  iterative  applications  and  adjustment 
in  order  to  develop  reasonable  estimates. 

(1)  Perform  field  inspection  and  review  of  available  data.  Discuss  observations  and  results 
from  previous  studies  with  local  NRCS  field  office,  USGS  field  survey  people.  County 
flood  control  and  channel  maintenance  personnel,  and  Corps  of  Engineers  hydrology 
and  hydraulics  personnel. 

(2)  If  little  or  no  data  are  available,  prepare  a  field  sampling  program  to  at  least  collect 
several  bed  material  and  bank  material  samples  from  sediment  source  areas  and  stream 
channel  locations  upstream  and  through  the  study  area.  Perform  standard  sieve 
analyses  and  settling  tests  on  the  samples. 

(3)  Examine  published  long-term  daily  discharge  records  and  sediment  gage  records.  The 
standard  procedure  used  by  the  USGS  is  to  plot  the  daily  water  discharge  hydrograph 
and  the  daily  sediment  concentration  graph,  then  integrate  them  as  prescribed  by 
Porterfield  (1972).  Results  from  this  exercise  are  expressed  in  tons/day.  Before 
comparing  sediment  yields,  the  period-of-record  data  should  be  examined  for 
homogeneity.  Adjustments  for  upstream  reservoirs,  hydrologic  record,  land  use 
changes,  and  farming  practices  may  be  necessary  before  the  correlation  between 
sediment  yield  and  water  yield  can  be  established. 

(4)  Develop  the  daily  water  discharge  -  suspended  sediment  load  rating  curve  from  gage 
data.  Integrate  the  flow  duration  curve  with  the  measured  sediment  load  -  discharge 
rating  curve  to  develop  a  good  representation  of  the  process-based  average  annual 
yield.  (Details  of  how  to  prepare  these  curves  and  compute  these  values  are 
summarized  in  (USAGE,  1989). 

(5)  When  no  field  measurements  exist,  and  at  least  some  are  required  to  make  dependable 
sediment  yield  estimates,  a  limited  sediment  sampling  program  is  highly  recommended 
early  in  the  planning  phases  of  the  study.  This  level  of  short  duration  sampling  is  often 
referred  to  as  "flood  water  sampling."  Caution  is  necessary,  however,  because  the  short 
record  data  set  will  not  necessarily  provide  a  representative  sample  of  watershed 
processes  for  the  full  range  of  possible  hydrologic  conditions.  Therefore,  these  data  are 
less  dependable  than  the  flow  duration  sediment  discharge  rating  technique.  The  lack  of 
large  flood  data  may  bias  the  yield  results. 

(6)  Apply  several  regional  analysis  procedures  (T atum,  1963,  Dendy  and  Bolton,  1976,  and 
PSIAC,  1968)  to  estimate  average  annual  yield.  Compare  the  results  to  published 
information  or  reports  obtained  from  other  studies  in  the  area.  Compare  the  yields  by 
plotting  yield  vs.  drainage  area.  Attempt  to  establish  upper  and  lower  bounds  on  the 
yield  -  drainage  area  curve  for  low,  average  and  high  sediment  production  years 
(MacArthur  et  al.,  1990).  Use  this  range  of  yield  values  during  sediment  load  sensitivity 
studies. 

(7)  Use  one  or  more  yield  estimating  equations  to  estimate  the  average  annual  and  single 
event  sediment  yields  for  a  range  of  events  (e.g.,  USLE,  RUBLE,  PSIAC,  MUSLE). 
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(8)  Multiply  your  gross  sediment  yields  by  an  appropriate  sediment  delivery  ratio  (SDR)  if 
necessary  to  give  the  net  sediment  yield  at  the  project  location.  For  more  information  on 
how  to  estimate  the  sediment  delivery  ratio  and  when  to  apply  it,  refer  to  (USAGE,  1989) 
and  (Haan  et  al.,  1994). 

(9)  A  quick  method  for  estimating  single  event  sediment  yields  involves  application  of 
several  reliable  “annual  yield"  estimating  methods  to  establish  the  average  annual  yield 
first.  Then,  assume  that  an  equivalent  amount  of  sediment  to  the  average  annual  yield 
occurs  during  a  2-year  event.  Also  assume  that  greater  single  event  yields  can  be 
approximated  by  the  linear  extrapolation  of  the  annual  value  by  multiplying  the  annual 
yield  by  the  ratio  of  the  peak  single  event  water  flow  to  the  2-year  flows. 

Yield,  =  Yield  QA 

where  Yield,  is  the  single  event  yield  for  an  i'‘’-year  storm  event  and  Q,  is  the  peak  water 
discharge  for  the  i”’-year  event. 

This  method  is  only  recommended  as  a  procedure  for  establishing  rough  estimates  of 
single  event  yields  and  for  cross-checking  values  developed  by  other  methods. 

(1 0)  Another  procedure  for  estimating  single  event  and  average  annual  yields  is  through  the 
application  of  the  MUSLE  single  event  yield  method.  Use  the  MUSLE  procedure  to 
develop  single  event  yield  estimates  for  the  5-,  10-,  50-  and  1 00-year  events.  Convert 
the  single  event  sediment  yields  to  an  average  annual  value  (if  applicable)  by  integrating 
the  sediment  yield  vs.  probability  curve.  Compare  this  value  with  observed  reservoir 
annual  yield  data  and/or  computed  annual  yield  values.  Select  the  most  reliable  value  for 
annual  yield.  A  detailed  example  is  presented  in  (HEC,  1995). 

(1 1 )  Decide  whether  gully,  stream  bank  erosion  or  mass  wasting  processes  are  active  in  your 
study  basin.  Determine  whether  your  selected  annual  and  single  event  estimating 
procedures  adequately  account  for  these  processes.  No  generalized  analytical 
procedures  are.presently  available  to  explicitly  calculate  these  types  of  sediment 
production  for  the  full  range  of  possible  events.  Measured  data  are  obviously  the  most 
reliable  source  to  use;  otherwise  application  of  empirical  relationships  and  the  careful 
examination  of  pre-  and  post-flood  event  photographs  are  necessary. 

When  time,  data,  and  budget  permit,  process-based  erosion  and  yield  models  can  be  used  to 
develop  average  annual  and  single  event  yields.  Application  of  process-based  erosion  and  yield 
models  is  generally  complex  and  requires  detailed  data  collection  for  development  of  model  input 
parameters  and  calibration. 


ESTIMATING  SEDIMENT  DISCHARGE  CURVES  AND 
GRAIN  SIZE  DISTRIBUTION  RELATIONSHIPS  FOR  USE  IN  MOBILE  BOUNDARY  MODELS 

The  following  sequence  of  study  components  was  prepared  from  our  experiences  with  HEC-6 
applications  and  other  types  of  sediment  and  river  engineering  investigations. 

(1)  Collect  representative  bed  material  sediment  samples  through  the  project  reach  (USGS, 

1 978).  Develop  grain  size  distribution  curves  for  each  bed  and  bank  sample  and  plot  the 
representative  grain  sizes  (Dgg,  D84  and  D^g)  with  distance  from  downstream  to  upstream. 
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(2)  Develop  a  sediment  gradation  curve  for  the  wash  load  using  measured  data  or 
watershed  soil  surveys.  If  there  are  no  data,  apply  Einstein's  (1950)  assumption  that  the 
largest  representative  size  present  in  the  wash  load  is  approximately  equivalent  to  the 
□loOf  the  bed  material  load.  Using  this  assumption  and  soil  survey  data  regarding  the 
approximate  percentages  of  sands,  gravels,  silts,  and  clays,  develop  an  approximate 
grain  size  distribution  curve  for  the  wash  load  fraction  of  the  total  load. 

(3)  Estimate  the  fraction  of  the  total  sediment  load  that  travels  as  bed  material  load  and  the 
fraction  that  travels  as  wash  load.  One  method  involves  using  HEC-6  through  an 
iterative  procedure  to  synthesize  its  own  infiowing  bed  material  load  and  gradation  from 
the  grain  size  distribution  curves  measured  in  the  field.  Wash  load  is  then  computed  as 
the  difference  of  the  total  sediment  yield  volume  or  weight  and  the  HEC-6  estimated  bed 
material  load.  Another  method  develops  the  bed  material  load  by  starting  with  the 
estimated  total  sediment  load  from  the  computed  basin  yield.  The  approximate 
percentage  of  bed  material  load  to  total  load  is  estimated  from  information  and  data 
measured  in  the  study  area.  Because  there  are  no  established  rules  of  thumb  for  the 
ratio  of  bed  material  load  to  total  load,  one  assumes  a  value  based  on  field  observations 
or  measured  information  and  checks  to  see  if  that  assumption  is  reasonable  (see  step 
number  6).  If  it  is  not,  new  percentages  are  assumed  and  checked  until  the  estimated 
bed  material  load  produces  reliable  results.  Example  computations  are  given  in  (HEC, 
1995). 

(4)  Develop  a  composite  total  load  gradation  curve  by  combining  the  bed  material  gradation 
data  and  curves  with  the  wash  load  gradation  data  and  curves. 

(5)  Apply  the  Corps'  SAM  procedures  (Thomas  et  al.,  1 992)  to  estimate  bed  form-dependent 
n  values.  Also  utilize  SAM  to  select  the  most  appropriate  transport  function  for  a 
particular  river  type.  Check  to  see  if  the  river  is  capable  of  carrying  the  estimated  single 
event  sediment  load  using  SAM  or  HEC-6.  Determine  whether  the  river  through  your 
study  reach  is  "supply  limited"  during  large  events  or  "transport  limited."  If  it  is  sediment 
supply  limited,  channel  bed  and  bank  erosion  may  be  important.  If  it  becomes  transport 
limited  during  large  events,  sediment  accumulation  and  possible  channel  avulsion  may 
occur. 

(6)  Cnee  the  total  inflowing  load  curve  is  complete  and  an  appropriate  transport  function(s) 
is  selected,  use  them  in  HEC-6  or  other  stream  sedimentation  models  to  determine  if  the 
estimated  load  and  gradations  are  in  balance  with  the  stream  hydraulics  and  basin  yield 
estimates.  If  significant  deposition  or  scour  occurs  in  the  first  few  upstream  cross 
sections,  then  the  inflowing  load  may  require  adjustment.  Cnee  the  model  performs 
properly  and  the  computed  HEC-6  results  appear  stable,  compare  the  volumes  of  total 
load,  bed  material  load  and  wash  load  to  observed  data.  Make  adjustments  to  the  load, 
grain  size  distribution  or  transport  function  according  to  procedures  outlined  in  the  HEC-6 
User's  Manual,  CPD-6,  (HEC,  1993)  and  TD-13  (HEC,  1992). 

(7)  Perform  model  calibration  and  sensitivity  studies  according  to  guidelines  provided  in 
Chapters  3, 5  and  6  of  CPD-6  (HEC,  1993)  and  Section  3.5  in  TD-13  (HEC,  1992). 
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PREPARATION  OF  MODEL  DATA 


Calibration  and  Performance  Testing:  Following  the  development  of  the  basin  sediment  yield 
estimates  and  the  necessary  model  input  data,  conduct  model  calibration  and  application  procedures 
according  to  Chapters  4  and  5  in  TD-13  (HEC,  1992).  Check  model  geometry  data  for  accuracy  and 
completeness,  then  check  the  model's  ability  to  duplicate  natural  river  hydraulic  conditions  for  low  flow, 
bank  full  flow,  and  high  flow.  Begin  testing  using  fixed  bed  computations  first,  then  proceed  to  movable 
bed  conditions.  Apply  SAM  (WES,  1992)  procedures  to  (a)  select  the  most  appropriate  transport 
function,  (b)  estimate  natural  channel  n  values  linked  to  channel  roughness  and  bed  form.  Use 
methods  outlined  above  to  develop  the  total  inflowing  sediment  load  curve  and  grain  size  distributions. 

Once  the  total  inflowing  sediment  load  curve  has  been  developed,  it  must  be  tested  to  see  if  the 
sediment  load  is  compatible  with  hydraulic  conditions  of  the  channel  (e.g.,  sediment  transport  capacity). 
If  the  mobile  boundary  model,  (e.g.,  HEC-6)  computes  extreme  amounts  of  scour  or  deposition  at  the 
upstream  boundary  then  the  inflowing  load  curve  may  not  be  in  balance  with  the  stream  and  adjustment 
is  required.  When  this  occurs,  assume  a  different  percentage  for  the  bed  material  load,  develop  a  new 
load  curve  for  HEC-6,  and  test  it  again.  Be  sure  the  model  is  numerically  stable  before  adjusting  it. 
Attend  to  hydraulic  problems  starting  at  the  downstream  end  and  proceeding  toward  the  upstream  end 
of  the  model.  Reverse  the  direction  for  sediment  problems.  Do  not  worry  about  computed  scour  or 
deposition  problems  at  the  downstream  end  of  the  study  reach  until  the  model  is  demonstrating  proper 
behavior  upstream  from  that  point. 

Check  the  boundary  conditions  to  determine  that  the  particle  size  classes  in  the  inflowing  load 
are  representative  or  approximate  observed  data.  Correct  any  inconsistencies  in  the  load  or  gradation 
data  and  try  another  execution.  If  computed  transport  rates  are  too  high,  check  the  field  data  for  gravel 
content  and  determine  whether  an  armor  layer  is  developing.  If  deposition  or  scour  rates  are  too  high  or 
low,  check  bank  elevations  and  ineffective  flow  limits  to  ensure  that  the  model  is  not  allowing  too  much 
overbank  flow  to  create  excess  channel  deposits.  Finally,  if  none  of  these  actions  produce  acceptable 
performance,  adjust  the  ratio  of  inflowing  bed  material  to  total  load  and/or  inflowing  load  cunre.  Attempt 
to  match  observed  load  data  whenever  possible. 

Sensitivity  Testing:  During  the  course  of  a  study  it  is  advisable  to  perform  a  sensitivity  test. 
Often,  input  data  such  as  inflowing  sediment  load  and  gradation  are  not  available.  The  estimating 
procedures  outlined  herein  can  be  used  to  develop  load  and  grain  size  distribution  estimates,  but  it  is 
important  to  assess  the  possible  impacts  of  uncertainties  in  those  values  on  model  results.  This  simply 
requires  modifying  the  suspected  input  data  by  +/-  X%  and  re-running  the  simulation.  If  there  is  little 
change  in  the  simulation  results,  the  uncertainty  in  the  estimated  data  is  of  no  consequence.  If  large 
changes  occur,  however,  the  input  data  may  require  refinement  and  perhaps  field  verification  (data 
collection). 


CONCLUSION 

This  work  was  motivated  by  the  need  to  provide  engineers  with  tools  to  develop  inflowing 
sediment  load  information  for  HEC-6.  The  methods  suggested  represent  what  we  determined  are 
useable  and  credible  at  this  time.  The  determination  of  the  size  distribution  of  the  sediment  delivered  to 
the  stream  needs  more  research.  Many  of  the  steps  in  preparation  and  use  of  data  will  continue  to  be 
necessary  (such  as  calibration  and  sensitivity  testing)  as  the  technology  for  computing  land  surface 
erosion  evolves.  We  foresee  that  precipitation-runoff  and  sediment  washoff  models  will  become 
coupled  through  the  use  of  digital  elevation  models  and  geographic  information  systems;  some  systems 
are  currently  available  that  do  so.  Indeed,  one  of  the  components  of  HEC’s  NEXGEN  software 
development  project  is  to  provide  these  tools  for  routine  use  in  hydrologic  engineering  work. 


8 


REFERENCES 


Barfield,  BJ.,  Warner,  R.C.,  and  Haan,  C.T.,  1981,  Applied  Hydrology  and  Sedimentology  for  Disturbed 
Areas,  Department  of  Agricultural  Engineering,  Oklahoma  State  University,  OK. 

Dendy,  F.E.,  and  Boiton,  G.C.,  1976,  "Sediment  yield  -  runoff  -  drainage  area  relationships  in  the  United 
States,"  Journal  of  Soil  and  Water  Conservation. 

Einstein,  H.A.,  1950,  "The  bed-load  function  for  sediment  transportation  in  open  channel  flows," 
Technical  Bulletin  No.  1026,  U.S.  Department  of  Agriculture,  Soil  Conservation  Service, 
Washington,  DC. 

Haan,  C.T.,  Barfield,  B.J.,  and  Hayes,  J.C.,  1994,  Design  Hydrology  and  Sedimentology  for  Small 
Catchments,  Academic  Press. 

HEC  (Hydrologic  Engineering  Center),  1 992,  "Guidelines  for  the  Calibration  and  Appiication  of 
Computer  Program  HEC-6"  TD-13,  Davis,  CA. 

HEC,  1993,  "HEC-6  User's  Manuai,  Scour  and  Deposition  in  Rivers  and  Reservoirs,"  CPD-6,  Davis, 
Caiifornia. 

HEC,  1995,  "Application  of  Methods  and  Models  for  Prediction  of  Land  Surface  Erosion  and  Yield,” 
Training  Document  No.  36,  March  1995. 

Kirkby,  M.J.  and  Morgan,  R.P.C.,  1980,  Soil  Erosion,  John  Wiley  &  Sons,  Ltd,  Great  Britain. 

MacArthur,  R.C.,  Han/ey,  M.D.,  and  Sing,  E.F.,  1990,  "Estimating  Sediment  Delivery  and  Yield  on 

Alluvial  Fans,"  TP-130,  U.S.  Army  Corps  of  Engineers,  Hydrologic  Engineering  Center,  Davis, 
CA. 

Mutchler  and  Young,  1975,  Soil  Detachment  by  Raindrops,  ARS-S-40,  USDA  Agricultural  Research 
Service,  pp.  113-117. 

Palmer,  1965,  Waterdrop  Impact  Forces,  Transactions  of  the  ASAE  (1965),  pp.  69-72. 

Porterfield,  G.,  1972,  "Computation  of  fluvial-sediment  discharge,"  Techniques  of  Water  Resources 

Investigations  of  the  U.S.  Geological  Survey,  U.S.  Government  Printing  Office,  Washington,  DC. 

PSIAC,  1968,  Report  of  the  Management  Subcommittee,  "Factors  affecting  sediment  yield  and 

measures  for  reduction  of  erosion  and  sediment  yield,"  October,  Pacific  Southwest  Interagency 
Committee. 

Strand,  R.l.  and  Pemberton,  E.L.,  1982,  Reservoir  Sedimentation,  Technical  Guideline  For  Bureau  of 
Reclamation,  Division  of  Planning  Technical  Services  Engineering  and  Research  Center, 

Denver,  CO. 

Tatum,  F.E.,  1 963,  "A  new  method  of  estimating  debris-storage  requirements  for  debris  basins," 
Miscellaneous  Publication  No.  970,  U.S.  Department  of  Agriculture  ARS. 

USACE,  1989,  Sedimentation  Investigations  of  Rivers  and  Reservoirs,  EM  1110-2-4000,  US  Army 
Corps  of  Engineers,  Washington,  DC. 


9 


USGS,  1 978,  National  Handbook  of  Recommended  Methods  for  Water-Data  Acquisition,  Chapter  3- 
Sediment,  U.S.  Geological  Survey. 

Walker,  Hutka,  Moss,  and  Kinnell,  1977,  Use  of  Versatile  Experimental  System  for  Soil  Erosion  Studies, 
Soil  Science  of  America  Journal  Vol.  41,  pp.  610-612. 

WES,  1992,  "Hydraulic  Design  Package  for  Flood  Control  Channels  (SAM),"  Flood  Control  Channels 
Research  Program  Hydraulics  Laboratory,  Waterways  Experiment  Station,  Vicksburg,  MS. 

Williams,  1975,  Sediment  Routing  for  Agricultural  Watersheds,  Water  Resources  Bulletin  1 1(5),  pp. 
965-974. 

Wischmeir  and  Smith,  1978,  Predicting  Rainfall  Erosion  Losses-A  Guide  to  Conservation  Planning, 
USDA  Handbook  No.  537. 

Yalin,  1963,  An  Expression  for  Bed  Load  Transportation,  J.  Hydraulic  Division  ASCE  89(HY3),  pp.  221- 
250. 

Young  and  Wiersma,  1 973,  The  Role  of  Rainfall  Impact  in  Soil  Detachment  and  Transport,  Water 
Resources  Research  Vol.  9,  pp.  1629-1639. 


10 


TECHNICAL  PAPER  SERIES 


4 


% 


« 


TP-1  Use  of  Interrelated  Records  to  Simulate 
Streamf low 

TP -2  Optimization  Techniques  for  Hydrologic 
Engineering 

TP-3  Methods  of  Determination  of  Safe  Yield  and 
Compensation  Water  from  Storage  Reservoirs 
TP-4  Functional  Evaluation  of  a  Water  Resources 
System 

TP- 5  Streamf low  Synthesis  for  Ungaged  Rivers 

TP-6  Simulation  of  Daily  Streamf low 
TP-7  Pilot  Study  for  Storage  Requirements  for 
Low  Flow  Augmentation 

TP-8  Worth  of  Streamf low  Data  for  Project 
Design  -  A  Pilot  Study 

TP-9  Economic  Evaluation  of  Reservoir  System 
Accompl i shments 

TP- 10  Hydrologic  Simulation  in  Water-Yield 
Analysis 

TP- 11  Survey  of  Programs  for  Water  Surface 

Prof i les 

TP- 12  Hypothetical  Flood  Computation  for  a 
Stream  System 

TP- 13  Maximum  Utilization  of  Scarce  Data  in 
Hydrologic  Design 

TP- 14  Techniques  for  Evaluating  Long-Term 
Reservoir  Yields 

TP- 15  Hydrostatistics  -  Principles  of 
Appl  i cat ion 

TP- 16  A  Hydrologic  Water  Resource  System 
Modeling  Techniques 

TP-17  Hydrologic  Engineering  Techniques  for 
Regional  Water  Resources  Planning 
TP- 18  Estimating  Monthly  Streamf lows  Within  a 
Region 

TP-19  Suspended  Sediment  Discharge  in  Streams 
TP-20  Computer  Determination  of  Flow  Through 
Bridges 

TP-21  An  Approach  to  Reservoir  Temperature 
Analysis 

TP-22  A  Finite  Difference  Method  for  Analyzing 
Liquid  Flow  in  Variably  Saturated  Porous 
Media 

TP-23  Uses  of  Simulation  in  River  Basin  Planning 
TP- 24  Hydroelectric  Power  Analysis  in  Reservoir 
Systems 

TP -25  Status  of  Water  Resource  Systems  Analysis 
TP -26  System  Relationships  for  Panama  Canal 
Water  Supply 

TP-27  System  Analysis  of  the  Panama  Canal  Water 
Supply 

TP-28  Digital  Simulation  of  an  Existing  Water 
Resources  System 

TP-29  Computer  Applications  in  Continuing 
Education 

TP-30  Drought  Severity  and  Water  Supply 
Dependabi  lity 

TP-31  Development  of  System  Operation  Rules  for 
an  Existing  System  by  Simulation 
TP-32  Alternative  Approaches  to  Water  Resource 
System  Simulation 

TP-33  System  Simulation  for  Integrated  Use  of 

Hydroelectric  and  Thermal  Power  Generation 
TP-34  Optimizing  Flood  Control  Allocation  for  a 
Multipurpose  Reservoir 

TP-35  Computer  Models  for  Rainfall -Runoff  and 
River  Hydraulic  Analysis 
TP-36  Evaluation  of  Drought  Effects  at  Lake 
Atitlan 

TP-37  Downstream  Effects  of  the  Levee 

Overtopping  at  Wilkes-Barre,  PA,  During 
Tropical  Storm  Agnes 


TP -38  Water  Quality  Evaluation  of  Aquatic  Systems 

TP-39  A  Method  for  Analyzing  Effects  of  Dam  Failures 
in  Design  Studies 

TP -40  Storm  Drainage  and  Urban  Region  Flood  Control 

Planning 

TP-41  HEC-5C,  A  Simulation  Model  for  System 
Formulation  and  Evaluation 

TP-42  Optimal  Sizing  of  Urban  Flood  Control  Systems 

TP-43  Hydrologic  and  Economic  Simulation  of  Flood 

Control  Aspects  of  Water  Resources  Systems 
TP-44  Sizing  Flood  Control  Reservoir  Systems  by 
Systems  Analysis 

TP-45  Techniques  for  Real-Time  Operation  of  Flood 
Control  Reservoirs  in  the  Merrimack  River 
Basin 

TP-46  Spatial  Data  Analysis  of  Nonstructural 
Measures 

TP-47  Comprehensive  Flood  Plain  Studies  Using 
Spatial  Data  Management  Techniques 
TPr48  Direct  Runoff  Hydrograph  Parameters  Versus 
Urbanization 

TP -49  Experience  of  HEC  in  Disseminating  Information 

on  Hydrological  Models 

TP-50  Effects  of  Dam  Removal:  An  Approach  to 
Sedimentation 

TP- 51  Design  of  Flood  Control  Improvements  by 
Systems  Analysis:  A  Case  Study 
TP -52  Potential  Use  of  Digital  Computer  Ground  Water 

Models 

TP-53  Development  of  Generalized  Free  Surface  Flow 
Models  Using  Finite  Element  Techniques 
TP-54  Adjustment  of  Peak  Discharge  Rates  for 
Urbanization 

TP-55  The  Development  and  Servicing  of  Spatial  Data 
Management  Techniques  in  the  Corps  of 
Engineers 

TP-56  Experiences  of  the  Hydrologic  Engineering 

Center  in  Maintaining  Widely  Used  Hydrologic 
and  Water  Resource  Computer  Models 
TP-57  Flood  Damage  Assessments  Using  Spatial  Data 
Management  Techniques 

tP-58  A  Model  for  Evaluating  Runoff -Qua lity  in 
Metropolitan  Master  Planning 
TP-59  Testing  of  Several  Runoff  Models  on  an  Urban 
Watershed 

TP- 60  Operational  Simulation  of  a  Reservoir  System 
with  Pumped  Storage 

TP-61  Technical  Factors  in  Small  Hydropower  Planning 
TP-62  Flood  Hydrograph  and  Peak  Flow  Frequency 
Analysis 

TP-63  HEC  Contribution  to  Reservoir  System  Operation 
TP-64  Determining  Peak-Discharge  Frequencies  in  an 
Urbanizing  Watershed:  A  Case  Study 
TP-65  Feasibi lity  Analysis  in  Small  Hydropower 
Planning 

TP-66  Reservoir  Storage  Determination  by  Computer 
Simulation  of  Flood  Control  and  Conservation 
Systems 

TP-67  Hydrologic  Land  Use  Classification  Using 
LANDSAT 

TP-68  Interactive  Nonstructural  Flood-Control 
Planning 

TP-69  Critical  Water  Surface  by  Minimum  Specific 
Energy  Using  the  Parabolic  Method 
TP-70  Corps  of  Engineers  Experience  with  Automatic 
Calibration  of  a  Precipitation-Runoff  Model 
TP-71  Determination  of  Land  Use  from  Satellite 
Imagery  for  Input  to  Hydrologic  Models 
TP-72  Application  of  the  Finite  Element  Method  to 
Vertically  Stratified  Hydrodynamic  Flow  and 
Water  Quality 


TP- 73  Flood  Mitigation  Planning  Using  HEC-SAM 
TP- 74  Hydrographs  by  Single  Linear  Reservoir 
Model 

TP- 75  HEC  Activities  in  Reservoir  Analysis 
TP-76  Institutional  Support  of  Water  Resource 
Models 

TP- 77  Investigation  of  Soil  Conservation  Service 
Urban  Hydrology  Techniques 
TP- 78  Potential  for  Increasing  the  Output  of 
Existing  Hydroelectric  Plants 
TP- 79  Potential  Energy  and  Capacity  Gains  from 
Flood  Control  Storage  Reallocation  at 
Existing  U.  S.  Hydropower  Reservoirs 
TP-80  Use  of  Non-Sequential  Techniques  in  the 
Analysis  of  Power  Potential  at  Storage 
Projects 

TP-81  Data  Management  Systems  for  Water 
Resources  Planning 

TP-82  The  New  HEC-1  Flood  Hydrograph  Package 
TP-83  River  and  Reservoir  Systems  Water  Quality 
Modeling  Capability 

TP-84  Generalized  Real-Time  Flood  Control  System 
Model 

TP-85  Operation  Policy  Analysis:  Sam  Rayburn 
Reservo i r 

TP-86  Training  the  Practitioner:  The  Hydrologic 
Engineering  Center  Program 
TP-87  Documentation  Needs  for  Water  Resources 
Models 

TP-88  Reservoir  System  Regulation  for  Water 
Quality  Control 

TP-89  A  Software  System  to  Aid  in  Making 
Real-Time  Water  Control  Decisions 
TP-90  Calibration,  Verification  and  Application 
of  a  Two-Dimensional  Flow  Model 
TP-91  HEC  Software  Development  and  Support 
TP -92  Hydrologic  Engineering  Center  Planning 
Models 

TP-93  Flood  Routing  Through  a  Flat,  Complex 
Flood  Plain  Using  a  One-Dimensional 
Unsteady  Flow  Computer  Program 
TP-94  Dredged-Material  Disposal  Management  Model 
TP-95  Infiltration  and  Soil  Moisture 
Redistribution  in  HEC-1 
TP-96  The  Hydrologic  Engineering  Center 

Experience  in  Nonstructural  Planning 
TP-97  Prediction  of  the  Effects  of  a  Flood 

Control  Project  on  a  Meandering  Stream 
TP-98  Evolution  in  Computer  Programs  Causes 
Evolution  in  Training  Needs:  The 
Hydrologic  Engineering  Center  Experience 
TP-99  Reservoir  System  Analysis  for  Water 
Quality 

TP-100  Probable  Maximum  Flood  Estimation  - 
Eastern  United  States 

TP- 101  Use  of  Computer  Program  HEC-5  for  Water 
Supply  Analysis 

TP-102  Role  of  Calibration  in  the  Application  of 
HEC-6 

TP- 103  Engineering  and  Economic  Considerations  in 
Formulating 

TP- 104  Modeling  Water  Resources  Systems  for  Water 
Quality 

TP- 105  Use  of  a  Two-Dimensional  Flow  Model  to 
Quantify  Aquatic  Habitat 
TP- 106  Flood-Runoff  Forecasting  with  HEC- IF 
TP-107  Dredged-Material  Disposal  System  Capacity 
Expansion 

TP-108  Role  of  Small  Computers  in  Two-Dimensional 
Flow  Modeling 

TP- 109  One- Dimensional  Model  For  Mud  Flows 
TP-110  Subdivision  Froude  Number 
TP-111  HEC-5Q;  System  Water  Quality  Modeling 
TP- 112  New  Developments  in  HEC  Programs  for  Flood 
Control 

TP- 113  Modeling  and  Managing  Water  Resource 
Systems  for  Water  Quality 


TP- 114  Accuracy  of  Conputed  Water  Surface  Profiles  - 
Executive  Summary 

TP- 115  Application  of  Spatial -Data  Management 
Techniques  in  Corps  Planning 
TP-116  The  NEC's  Activities  in  Watershed  Modeling 
TP-117  HEC-1  and  HEC-2  Applications  on  the 
Microcomputer 

TP- 118  Real-Time  Snow  Simulation  Model  for  the 
Monongahela  River  Basin 

TP-119  Multi-Purpose,  Multi -Reservoir  Simulation  on  a 
PC 

TP- 120  Technology  Transfer  of  Corps'  Hydrologic 
Models 

TP-121  Development,  Calibration  and  Application  of 
Runoff  Forecasting  Models  for  the  Allegheny 
River  Basin 

TP-122  The  Estimation  of  Rainfall  for  Flood 

Forecasting  Using  Radar  and  Rain  Gage  Data 
TP- 123  Developing  and  Managing  a  Comprehensive 
Reservoir  Analysis  Model 

TP- 124  Review  of  the  U.S_  Army  Corps  of  Engineering 
Involvement  With  Alluvial  Fan  Flooding 
Problems 

TP-125  An  Integrated  Software  Package  for  Flood 
Damage  Analysis 

TP- 126  The  Value  and  Depreciation  of  Existing 
Facilities:  The  Case  of  Reservoirs 
TP-127  Floodplain-Management  Plan  Enumeration 
TP- 128  Two-Dimensional  Floodplain  Modeling 
TP-129  Status  and  New  Capabilities  of  Computer 
Program  HEC-6:  “Scour  and  Deposition  in 
Rivers  and  Reservoirs" 

TP-130  Estimating  Sediment  Delivery  and  Yield  on 
Alluvial  Fans 

TP-131  Hydrologic  Aspects  of  Flood  Warning  - 
Preparedness  Programs 

TP-132  Twenty-five  Years  of  Developing,  Distributing, 
and  Supporting  Hydrologic  Engineering  Conputer 
Programs 

TP- 133  Predicting  Deposition  Patterns  in  Small  Basins 
TP- 134  Annual  Extreme  Lake  Elevations  by  Total 
Probability  Theorem 

TP- 135  A  Muskingum-Cunge  Channel  Flow  Routing  Method 
for  Drainage  Networks 

TP-136  Prescriptive  Reservoir  System  Analysis  Model  - 
Missouri  River  System  Application 
TP-137  A  Generalized  Simulation  Model  for  Reservoir 
System  Analysis 

TP- 138  The  HEC  NexGen  Software  Development  Project 
TP- 139  Issues  for  Applications  Developers 
TP- 140  HEC-2  Water  Surface  Profiles  Program 
TP-141  HEC  Models  for  Urban  Hydrologic  Analysis 
TP-142  Systems  Analysis  Applications  at  the 
Hydrologic  Engineering  Center 
TP- 143  Runoff  Prediction  Uncertainty  for  Ungauged 
Agricultural  Watersheds 

TP-144  Review  of  GIS  Applications  in  Hydrologic 
Modeling 

TP-145  Application  of  Rainfall -Runoff  Simulation  for 
Flood  Forecasting 

TP-146  Application  of  the  HEC  Prescriptive  Reservoir 
Model  in  the  Columbia  River  System 
TP-147  HEC  River  Analysis  System  (HEC-RAS) 

TP- 148  HEC-6:  Reservoir  Sediment  Control 
Applications 

TP- 149  The  Hydrologic  Modeling  System  <HEC-HMS): 

Design  and  Development  Issues 
TP-150  The  HEC  Hydrologic  Modeling  System 
TP- 151  Bridge  Hydraulic  Analysis  with  HEC-RAS 
TP- 152  Use  of  Land  Surface  Erosion  Techniques  with 
Stream  Channel  Sediment  Models 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  date  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  WasNngton  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1 21 5  Jefferson  Davis 
Highway,  Suite1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1.  AGENCY  USE  ONLY  (Leave  blank) 

2.  REPORT  DATE 

March  1996 

3.  REPORT  TYPE  AND  DATES  COVERED 

Technical  Paper 

4.  TITLE  AND  SUBTITLE 

Use  of  Land  Surface  Erosion  Techniques  with  Stream  Channel 
Sedimentation  Models 

5.  FUNDING  NUMBERS 

6.  AUTHOR(S) 

D.  Michael  Gee  and  Robert  C.  MacArthur 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Hydrologic  Engineering  Center 

609  Second  Street 

Davis,  CA  95616-4687 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

Technical  Paper  No.  152 
(TP-152) 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSORING  /  MONITORING  AGENCY 
REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

Also  published  by  the  Interagency  Advisory  Committee  on  Water  Data  -  Subcommittee  on  Sedimentation 
in  Proceedings  of  the  Sixth  Federai  Interagency  Sedimentation  Conference,  March  1 0-14, 1 996, 

Las  Vegas,  Nevada,  pp.  IX-17  to  IX-23. 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Unlimited. 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  words) 

The  objective  of  the  paper  is  to  present  methods  that  can  be  used  to  estimate  the  quantity  and  gradation  of 
sediment  produced  from  a  watershed.  These  values  are  necessary  for  mobile  boundary  hydraulic 
modeling  and  other  sedimentation  studies.  These  quantities  are  needed  for  designing  flood  control 
channels,  estimating  sediment  deposition  in  reservoirs  or  navigation  channels,  and  evaluating  the 
sedimentation  impacts  of  proposed  projects  or  land  use  modifications.  Considerable  information  is 
available  for  the  estimation  of  sediment  yield  from  a  watershed.  These  methods  use  both  empirical 
techniques  and  land  surface  erosion  theory.  The  same  is  true  for  quantifying  sediment  transport  and 
sorting  processes  in  rivers.  This  paper  focuses  on  procedures  for  using  land  surface  erosion 
computations  to  develop  the  inflowing  sediment  load  for  a  river  sedimentation  model,  specifically,  HEC-6. 

14.  SUBJECT  TERMS 

erosion,  sedimentation,  modeling,  sediment  transport 

15.  NUMBER  OF  PAGES 

10 

16.  PRICE  CODE 

17.  SECURITY  CLASSIRCATION 

OF  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIRCATION 

OF  THIS  PAGE 

UNCLASSIFIED 

19.  SCURITY  CLASSIRCATION 

OF  ABSTRACT 

UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

NSN  7540-0 1  -280-5500  Standard  Form  298  (Rev.  2-89) 


Prescribed  by  ANSI  Std.  Z39-18 


